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Gastropods alien to South Africa cause severe environmental 









































the	severity	of	 impacts	 recorded,	but	 impacts	via	disease	 transmission	were	 lower	
than	other	mechanisms.	Neither	fecundity	nor	native	range	latitude	was	correlated	
with	impact	magnitude.	Despite	gastropods	being	agricultural	and	horticultural	pests	
globally,	 resilience	 of	 socioeconomic	 systems	 makes	 high	 impacts	 uncommon.	
Environmental	systems	may	be	vulnerable	to	gastropod	impacts	across	habitats,	hav-
ing	experienced	multiple	local	extinctions	of	wetland	island	snail	fauna.	South	Africa	












impacts	 on	 native	 systems	 are	 diverse	 in	 magnitude	 and	 nature,	








without	 a	 better	 understanding	 of	 alien	 impact	 across	 taxa	 and	
habitats.
Gastropods	 are	 a	 taxonomic	 class	 that	 represents	 significant	
problem	 as	 aliens,	 causing	 a	 multitude	 of	 environmental	 and	 so-









Tran,	 &	Meyer,	 2008;	Moran,	 Gotlib,	 &	 Yaakov,	 2004).	Moreover,	
they	have	been	 implicated	as	playing	a	 role	 in	 the	 transmission	of	
diseases	to	humans	(Senanayake,	Pryor,	Walker,	&	Konecny,	2003).
Given	the	complex	nature	of	alien	impacts,	the	need	for	universal	
metrics	 to	 quantify	 impacts	 on	 environmental	 and	 socioeconomic	
systems	 is	 evident.	 These	 have	 been	 provided	 by	 various	 impact	
scoring	schemes,	including	the	Environmental	Impact	Classification	
for	Alien	Taxa	(EICAT;	Blackburn	et	al.,	2014;	Hawkins	et	al.,	2015)	
and	 more	 recently	 the	 Socio-	Economic	 Impact	 Classification	 for	
Alien	 Taxa	 (SEICAT;	 Bacher	 et	al.,	 2017).	 These	 schemes	 provide	
standardized	 methods	 to	 compare	 impacts	 across	 taxa	 and	 habi-
tats	(Evans,	Kumschick,	&	Blackburn,	2016).	A	convenient	property	
of	these	schemes	is	that	their	impact	classification	frameworks	are	




existing	 management	 and	 policy	 procedures	 (Bacher	 et	al.,	 2017).	
Environmental	and	socioeconomic	impacts	have	been	shown	to	be	
similar	 in	 severity	 for	 a	wide	 array	 of	 taxa	 (mammals:	 Kumschick,	
Bacher,	&	Blackburn,	2013;	arthropods,	plants,	and	fish:	Kumschick	




Impact	 scoring	 schemes	 can	 aid	 in	 understanding	 generalizability	
and	 context	 dependency	 of	 impacts,	 for	 example,	 by	 comparing	
impact	 magnitudes	 across	 habitats	 and	 impact	 mechanisms.	 This	
has	been	done	for	various	taxa,	with	some	mechanisms	showing	to	
be	more	 important	 than	others.	 For	 example,	 alien	birds,	 amphib-












impact	 equation	given	by	Parker	et	al.	 (1999),	 abundance	 is	pro-
portional	 to	 severity	 of	 impact	 of	 invaders,	 under	 the	 rationale	
that	 any	 biomass	 controlled	 by	 an	 invader	 represents	 resources	
no	 longer	 available	 to	 natives.	 Therefore,	 the	 ability	 of	 an	 alien	
to	 reproduce	 rapidly	 and	 attain	 higher	 abundances	 should	 cor-
relate	with	their	 impacts.	This	has	been	supported	by	significant	
correlations	between	impact	and	fecundity	for	some	taxa,	namely	













ilarity	 between	 native	 and	 alien	 ranges	 (Kumschick	 et	al.,	 2013).	







that	this	may	be	an	 important	trait	 that	correlates	with	alien	 im-
pact	magnitude.
Given	the	wide	variety	of	alien	gastropod	impacts	globally,	it	is	
of	 relevance	 to	 assess	 these	within	 impact	 classification	 schemes,	
as	well	 as	 identify	 potential	 patterns	with	 respect	 to	 the	 severity	









Africa	 has	 experienced	 introductions	 of	 globally	 problematic	 alien	
gastropods	 across	 aquatic	 and	 terrestrial	 habitats	 (Barker,	 2002;	
Griffiths	&	Picker,	2011;	Herbert,	2010;	Kappes,	Delgado,	Alonso,	
&	 Ibáñez,	 2009;	 Perera	&	Valderrama,	 2010),	 it	 provides	 a	 repre-
sentative	case	study	upon	which	 to	base	a	global	analysis	of	alien	
gastropod	 impact.	We	 test	whether	 environmental	 impact	 severi-
ties	of	alien	gastropods	are	correlated	with	their	socioeconomic	im-
pacts,	and	whether	there	are	differences	in	impact	severity	among	
habitats	 and	 impact	mechanisms,	 respectively.	 Further,	 we	 assess	
whether	fecundity	and	native	range	size	are	correlated	with	gastro-
pod	impacts.	Lastly,	we	are	interested	in	whether	there	is	a	potential	





A	 list	 of	 34	 gastropods	 alien	 to	 South	 Africa	 was	 compiled	 from	
Griffiths	 and	 Picker	 (2011)	 and	 Herbert	 (2010)	 (Table	1).	 The	 na-
tive	 range	of	each	 species	was	 identified	 in	 accordance	with	pub-
lished	literature,	including	the	following	sources:	Terrestrial	Mollusc	
Tool	 (http://idtools.org/id/mollusc/index.php);	 Invasive	 Species	

















EICAT	 has	 eight	 categories	 into	 which	 an	 alien	 can	 be	 assigned	
(Hawkins	et	al.,	2015).	Each	category	 is	defined	by	verbal	descrip-
tions	that	make	EICAT	robust	toward	assessor	bias,	and	universally	













these	 being	 competition,	 predation,	 hybridization,	 transmission	 of	
diseases	to	native	species,	parasitism,	poisoning/toxicity,	biofouling,	
grazing/herbivory/browsing,	chemical,	physical	or	structural	impact	
on	 ecosystem,	 and	 interaction	 with	 other	 alien	 species	 (Hawkins	
et	al.,	2015).
SEICAT	 is	 similar	 to	 EICAT,	 having	 an	 identical	 impact	 classifi-






















We	 assigned	 environmental	 and	 socioeconomic	 impacts	 iden-
tified	 from	 the	 literature	 to	 the	 EICAT	 and	 SEICAT	 classification	
schemes	respectively	(lists	of	the	literature	sources	used	are	given	
in	 Supporting	 Information	 Appendix	 S2	 and	 S3).	 Each	 impact	 re-
cord	was	assigned	a	habitat	based	on	where	the	impact	occurred	as	
per	 the	Hawkins	et	al.	 (2015)	EICAT	habitat	 classification	 scheme.	
Impacts	identified	under	synonymous	species	names	were	included.	
Studies	 from	the	global	alien	range	were	 included,	but	studies	de-
scribing	 impacts	 in	 the	 native	 range	of	 a	 species	were	 not	 scored	
under	EICAT,	except	for	cryptogenic	species.	Regardless	of	a	species’	
alien/native	status,	all	socioeconomic	impacts	identified	were	scored	
under	 SEICAT.	 This	 is	 because	 artificial	 habitats	 are	 becoming	 in-
creasingly	homogenized	globally	(McKinney,	2006),	making	impacts	
in	 the	 native	 artificial	 systems	 adequate	 surrogates	 for	 potential	
socioeconomic	impacts	in	invaded	ranges.	This	was	confirmed	by	a	
nonpaired	Wilcoxon	test	showing	no	difference	between	all	records	
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found	for	socioeconomic	impact	scores	in	the	native	(N	=	117)	and	








term.	We	 further	 consulted	gastropod	experts	 for	 additional	 liter-
ature	on	fecundity	 (for	 fecundity	data	and	the	 literature	used,	see	
Supporting	Information	Table	S1	and	Appendix	S1).
According	 to	Carlton	 (1999),	 a	wide	variety	of	mollusk	 species	
have	had	their	native	geographic	ranges	reshaped	by	human	activ-




where	 impacts	were	 recorded	 in	 areas	 that	may	be	deemed	dubi-
ously	native.	However,	 to	obtain	native	 range	 latitude	data,	 it	was	
necessary	 to	 explicitly	 identify	 the	 native	 range	 of	 each	 species.	















impacts	 were	 correlated,	 Kendall’s	 tau	 correlation	 test	 was	 con-
ducted	to	allow	for	comparison	of	ordinal	responses.	We	separately	





using	 all	 impacts	 recorded	 in	 the	 study	 for	 the	 former,	 and	 all	 re-
cords	for	which	habitats	were	identified	for	the	latter.	We	excluded	











two	 orders	 of	 magnitude,	 they	 were	 log	 transformed	 for	 analysis.	
Kendall’s	tau	correlation	tests	were	further	used	to	assess	the	relation-
ship	between	EICAT	and	SEICAT	maximum	scores	and	the	number	of	




A	 total	 of	 26	 species	were	 assigned	EICAT	 scores	 and	22	 species	
were	assigned	SEICAT	scores,	with	the	remaining	species	being	DD	
(Table	1).	The	highest	impacting	species	under	EICAT	were	Oxychilus 
draparnaudi	(predation), Helisoma duryi, Tarebia granifera,	and	Theba 
pisana	 (all	competition),	all	 recording	MR	 impacts.	For	SEICAT,	 the	
highest	 impact	was	MO,	 recorded	by	Theba pisana, Cochlicella bar-
bara,	 and	Eobania vermiculata	 all	 affecting	material	 and	 immaterial	
goods	 for	 good	 life.	 Of	 the	 evaluated	 species,	 20	 were	 assigned	
scores	under	both	schemes.	Environmental	and	socioeconomic	im-
pacts	were	not	correlated	for	neither	maximum	(Kendall’s	tau	=	0.35;	
P = 0.093)	nor	median	(Kendall’s	tau	=	0.06;	p = 0.765)	scores.
Environmental	 impact	magnitude	did	not	differ	among	habitats	














impact	was	 “Artificial	 –	 Terrestrial”	with	 140	 observations,	 repre-





Data	on	 fecundity	and	native	 range	 latitude	were	available	 for	
11	species	and	25	species	respectively.	Fecundity	did	not	correlate	
with	maximum	 environmental	 (Kendall’s	 tau	=	−0.38;	 p = 0.152)	 or	
socioeconomic	 impact	 (Kendall’s	 tau	=	0.36;	 p = 0.217),	 nor	 with	
median	 impacts	 (environmental:	 Kendall’s	 tau	=	−0.33;	 p = 0.224;	
socioeconomic:	 Kendall’s	 tau	=	−0.04;	 p = 0.9).	 Similar	 results	
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were	 found	 for	 native	 range	 latitude:	 neither	 maximum	 environ-
mental	 (Kendall’s	 tau	=	−0.14;	 p = 0.397)	 or	 socioeconomic	 impact	
(Kendall’s	 tau	=	−0.26;	 p = 0.152),	 nor	 median	 impacts	 (environ-




p =	<0.001;	SEICAT:	Kendall’s	tau	=	0.38; p = 0.035).	For	EICAT,	this	




African	 alien	 gastropods	 into	 EICAT	 and	 SEICAT,	 adding	 a	 novel	
taxonomic	group	to	a	growing	list	of	universally	comparable	alien	im-
pact	assessments	(Bacher	et	al.,	2017;	Evans	et	al.,	2016;	Kumschick	
et	al.,	 2017).	 Information	 on	 socioeconomic	 and/or	 environmental	
impact	was	available	for	most	species	included	in	this	study	(82.4%),	
which	is	comparable	to	other	taxa	(arthropods:	77.9%;	birds:	84.6%;	





et	al.,	 2016).	The	 fact	 that	gastropods’	 socioeconomic	 impacts	are	
better-	studied	than	their	environmental	impacts	is	likely	due	to	their	



















is	 that	 artificial	 socioeconomic	 systems	 may	 be	 more	 resilient	 to	
impact	than	environmental	systems.	Cities,	for	example,	have	been	







result	 in	 difficulties	 experienced	 by	 laborers	 in	 carrying	 out	 their	




uidation	or	abandonment	of	 farms	 is	necessary	 (MO	or	higher	 im-
pact;	e.g.,	Charwat	et	al.,	1995;	Fabian	et	al.,	2012;	Hollingsworth,	
Follett,	 &	 Armstrong,	 2003;	 Prystupa,	 Holliday,	 &	Webster,	 1987;	
Simms	et	al.,	2006;	Wilson,	Hughes,	Hamacher,	Barahona,	&	Glen,	
1996).	This	description	of	 socioeconomic	 resilience	 is	 reflected	by	
the	high	number	of	 impacts	on	the	well-	being	of	 individuals	 (MN),	








p = 0.07;	competition	disease	transmission:	Z	=	7.11,	p < 0.001; 
predation	disease	transmission:	Z	=	4.59,	p < 0.001;	competition	
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of	 impact	 in	developed	countries	due	 to	 lacking	 records	 from	 less	
affluent	 regions,	and	 it	 is	unclear	 if	 low	 impacts	 to	agriculture	 is	a	
general	 rule	 in	developing	countries	with	 less	scientific	and	mana-
gerial	 resources.	Despite	South	Africa	being	a	developing	country,	



















2004;	 Karatayev,	 Burlakova,	 Karatayev,	 &	 Padilla,	 2009;	 Mack	
et	al.,	2000;	Pimentel,	Zuniga,	&	Morrison,	2005;	Savidge,	1987).	
Gastropods	 are	 no	 exception	 to	 this,	 with	 many	 species	 in	 this	
study	 recording	 high	 impacts	 involving	 local	 extinctions.	 Theba 
pisana,	and	Helisoma duryi	were	implicated	in	causing	MR	impacts	
to	beach-	dwelling	 snails	 and	 snails	 inhabiting	artificial	drains	 re-
spectively	 (Christie	 et	al.,	 1981;	 Rumi	 et	al.,	 2010).	 Moreover,	
various	gastropods	have	been	consistently	 related	 to	declines	 in	
endemic	 island	 snail	 fauna	 populations,	 namely	 in	 Hawai’i,	 New	









South	 Africa	 may	 be	 particularly	 vulnerable	 to	 high	 impacts	 by	




country	 recorded	this	extent	of	upper	 tier	 impacts	by	Tarebia granif-
era—only	Venezuela	recorded	a	single	MR	impact	(Pointier	&	Giboda,	
1999).	 It	 evidently	 represents	 a	 severe	 threat	 to	 South	African	 na-
tive	wetland	 invertebrate	 fauna,	 as	 it	 has	 shown	 to	be	 for	many	 is-
land	 nations’	 wetlands.	 South	 Africa	 may	 not	 have	 the	 managerial	
resources	 to	deal	with	 an	 invader	 that	 is	 geographically	widespread	
over	the	eastern	and	northern	parts	of	the	country	(Appleton,	Forbes,	










to	 be	 an	 intermediate	 host	 of	 a	 disease	 that	 has	 caused	 deaths	 of	
captive	species	 (classified	as	a	socioeconomic	 impact;	Walden	et	al.,	
2017).	This	suggests	that	the	potential	for	higher	tier	impacts	via	dis-
ease	transmission	 is	evident	 in	 the	gastropods.	Similarly,	gastropods	
were	 found	 to	 be	 agents	 of	 disease	 transmission	 to	 humans	 (Ash,	
1976;	Boray,	1978;	Kim,	Hayes,	Yeung,	&	Cowie,	2014;	Senanayake	
et	al.,	 2003),	 the	most	 prominent	 disease	being	 eosinophilic	menin-
gitis,	 caused	 by	 infection	 with	 Angiostrongylus cantonensis,	 a	 para-
sitic	 nematode	 of	which	various	 gastropods	 are	 intermediate	 hosts.	
Schistosomiasis	was	also	prominent	in	this	study,	known	to	be	a	highly	











Given	 that	 attempted	 control	 programs	 have	 been	 largely	 unsuc-




in	 South	 African	 schistosomiasis	 risk	 areas	 (Appleton	 &	 Miranda,	
2015;	Magaisa	 et	al.,	 2015),	 play	 a	 role	 in	 transmission	 to	humans	
in	South	Africa,	despite	no	disease	transmission	socioeconomic	im-
pacts	 being	 recorded	 there.	 Angiostrongylus cantonensis	 has	 been	




transmitted	 by	 South	 African	 alien	 gastropods	 were	 recorded	 in	
this	 study	 (Caldeira	 et	al.,	 2007;	 Morassutti,	 Thiengo,	 Fernandez,	





to	vector	 the	disease	 (Cornu aspersum, Limax maximus, Bradybaena 
similaris, Deroceras laeve, Physa acuta, Limacus flavus, Zonitoides ar-
boreus, Deroceras reticulatum, Lehmannia valentiana,	 and	Oxychilus 
alliarius).	 It	 is	 unclear	 to	what	 degree	 these	 alien	 gastropods	may	
pose	a	disease	threat	to	humans	in	South	Africa,	and	if	their	erad-
ication	would	 benefit	 public	 health,	 as	 other	 native	 or	 non-	native	
species	may	simply	provide	vectors.	Further	research	into	this	issue	
is	needed.	Nonetheless,	it	is	unlikely	that	developing	countries	with	








It	 is	of	 interest	 that	gastropods	and	birds,	 two	very	distant	 taxo-
nomic	groups,	converge	on	similar	probabilities	(~0.3)	of	causing	upper	
tier	(MO	or	higher)	environmental	impacts	overall	(Evans	et	al.,	2016).	
This	 raises	 the	 question	 whether	 the	 proportion	 of	 severe	 impacts	
caused	by	harmful	alien	species	globally	is	the	same	across	taxa.	Should	
this	be	supported	by	further	research,	it	may	provide	scope	for	univer-
sal	 alien	 impact	 predictions,	which	will	 be	 significant	 for	various	 risk	
assessment	approaches	(Keller	&	Kumschick,	2017).	This	highlights	the	
need	for	further	application	of	EICAT	to	different	taxonomic	groups.










perature	 and	 moisture	 (Brackenbury	 &	 Appleton,	 1991;	 Hadfield,	
1989;	Kozlowski,	2000;	Nash	&	Hoffmann,	2012),	and	perhaps	these	
species	have	not	 found	habitats	conducive	to	maximum	reproduc-










have	 narrow	 native	 range	 latitudes,	 but	 have	 caused	 significant	




Helisoma duryi	had	one	native	 range	 indicated	as	Florida	 (Madsen,	






and	the	maximum	scores	 for	species	 that	are	underrepresented	 in	
the	 literature	are	not	a	true	reflection	of	their	 impact.	Second,	re-
search	may	 focus	on	 species	 that	 have	 greater	 impacts,	 therefore	







Generally,	 EICAT	and	SEICAT	 scores	 could	be	derived	 from	all	
impact	records	found	for	gastropods,	which	shows	the	applicability	










account	 for	 the	 range	 in	 impact	magnitudes	 recorded	and	suggest	
that	each	study	should	assess	which	measure	is	most	suitable	for	its	
purpose.	 Furthermore,	we	 suggest	 that	EICAT	and	SEICAT	 should	
consider	incorporating	the	likelihood	of	a	high	score	being	realized	
into	 the	 overall	 quantification	 of	 the	 impact	 of	 a	 species.	Despite	
these	 limitations,	 the	 analyses	undertaken	 in	 this	 study	 shed	 light	
on	the	nature	and	context	dependency	of	gastropod	impacts.	This	
has	great	relevance	to	many	risk	assessment	approaches,	which	can	
ultimately	 aid	 conservation	 management.	 Further	 studies	 should	
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